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(57) ABSTRACT

A modular system for total knee arthroplasty includes a
modular trial implant assembly. The modular implant assem-
bly includes an elongate shaft configured for insertion into
an elongate cavity in a bone, a reamer removably coupleable
to the elongate shaft via a connection that allows the reamer
to rotate while the elongate shaft remains in a substantially
fixed angular orientation. The reamer has an outer surface
that tapers toward the distal end configured to form a tapered
cavity in an end of a bone in which the reamer is inserted and
rotated. The modular trial implant assembly further includes
a trial implant removably coupleable to a proximal end of
the reamer. A modular final implant assembly includes an
elongate stem, a tapered body and an implant body, each
having a size and shape that can substantially correspond to
a size and shape of the elongate shaft, the reamer and the
trial implant, respectively.
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1
MODULAR TOTAL KNEE ARTHROPLASTY
SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

Any and all applications for which a foreign or domestic
priority claim is identified in the Application Data Sheet as
filed with the present application are hereby incorporated by
reference under 37 CFR 1.57 and should be considered a
part of this specification.

BACKGROUND

Field

The present invention relates to a system and method for
knee replacement surgery and more particularly to a modu-
lar total knee arthroplasty system and method for use in
primary and revision knee replacement.

Description of the Related Art

Total or partial knee replacement is very common, for
example to treat conditions such as arthritis or treat injuries
to the knee joint (e.g., from trauma, accidents, sport injuries,
etc.). Total knee arthroplasty involves implanting a first
prosthetic device on the distal end of the femur and a second
prosthetic device on the proximal end of the tibia, where the
first and second prosthetic devices replace the natural articu-
lating bone surfaces of the knee joint (e.g., femoral con-
dyles). Such surgical procedures involve cutting sections of
the femur and tibia to accommodate the prosthetic devices in
proper alignment, and can be complex and time consuming.

In some cases, it is necessary to perform a knee replace-
ment revision surgery to replace the previously implanted
knee prosthetic devices. For example, the previously
implanted knee prosthetic devices may loosen over time, for
example, from the production of wear debris, infection, or
fracture. Revision surgery is typically more complicated and
time consuming than an initial knee replacement surgery
because the surgeon must remove the previously implanted
device, which was cemented into the bone or has existing
bone into the device. In addition, once the surgeon remove
the implant, there is less bone remaining for fixation of the
revision implant.

SUMMARY

In accordance with one aspect of the invention, an
improved total knee arthroplasty system and method is
provided that simplifies the process of delivering a primary
or revision knee replacement implant, as well as to replace
an existing knee replacement implant, and makes such
processes less time consuming.

In accordance with one aspect, a modular system for total
knee arthroplasty is provided. The system comprises a
modular trial implant assembly. The modular implant assem-
bly comprises an elongate shaft configured for insertion into
an elongate cavity in a bone. The modular trial implant
assembly also comprises a reamer that extends between a
proximal end and a distal end, the reamer being removably
coupleable to a proximal end of the elongate shaft via a
connection that allows the reamer to rotate while the elon-
gate shaft remains in a substantially fixed angular orienta-
tion. The reamer has an outer surface that tapers toward the
distal end of the reamer. The outer surface further has a
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plurality milling elements extending between the proximal
and distal ends of the reamer about the circumference of the
reamer, the milling elements configured to form a tapered
cavity in an end of a bone in which the reamer is inserted and
rotated. The modular trial implant assembly further com-
prises a trial implant removably coupleable to a proximal
end of the reamer. The elongate shaft is configured to
provide angular orientation but not rotational stability when
inserted into the elongate cavity, and wherein the reamer is
configured to provide rotational and axial stability in the
tapered cavity.

In accordance with another aspect, a modular system for
total knee arthroplasty is provided. The system comprises a
modular trial implant assembly. The modular implant assem-
bly comprises an elongate shaft configured for insertion into
an elongate cavity in a bone. The modular trial implant
assembly also comprises a reamer that extends between a
proximal end and a distal end, the reamer being removably
coupleable to a proximal end of the elongate shaft via a
connection that allows the reamer to rotate while the elon-
gate shaft remains in a substantially fixed angular orienta-
tion. The reamer has an outer surface that tapers toward the
distal end. The reamer comprises a plurality of sequentially
nestable portions releasably coupleable with each other to
define a tapered shape, where a maximum outer diameter of
the tapered shape is defined by the last of the sequentially
nestable portions that are coupled to each other. The plural-
ity of sequentially nestable portions are configured to rotate
as a single unit when assembled together. The outer surface
further has a plurality milling elements extending between
the proximal and distal ends of the reamer about the cir-
cumference of the reamer, the milling elements configured
to form a tapered cavity in an end of a bone in which the
reamer is inserted and rotated. The modular trial implant
assembly further comprises a trial implant removably
coupleable to a proximal end of the reamer. The elongate
shaft is configured to provide angular orientation but not
rotational stability when inserted into the elongate cavity,
and wherein the reamer is configured to provide rotational
and axial stability in the tapered cavity.

In accordance with another aspect, a modular kit for total
knee arthroplasty is provided. The kit comprises a plurality
of elongate shafts configured for insertion into an elongate
cavity in a femur or tibia bone, each of the elongate shafts
differing in one or both of length and outer diameter. The kit
also comprises a plurality of tapered reamers differing in one
or both of length and maximum outer diameter, the reamer
having an outer surface with a plurality milling elements
extending about the circumference of the reamer. The kit
also comprises a plurality of trial implants of different sizes,
wherein each of the trial implants is coupleable to a proximal
end of each of the tapered reamers, which is coupleable to
a proximal end of each of the elongate shafts to assemble a
trial implant assembly.

In accordance with another aspect, the modular kit further
comprises a plurality of elongate stems configured for
insertion into an elongate cavity in a femur or tibia bone,
each of the elongate shafts differing in one or both of length
and outer diameter, a plurality of tapered cone bodies
differing in one or both of length and maximum outer
diameter and a plurality of implants of different sizes. Each
of'the implants is coupleable to a proximal end of each of the
tapered cone bodies, which is coupleable to a proximal end
of each of the elongate stems to assemble a final implant
assembly. Optionally, the plurality of elongate stems, plu-
rality of tapered cone bodies and plurality of implants
substantially correspond in size and shape with the plurality
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of elongate shafts, plurality of tapered reamers and plurality
of trial implants, respectively. Optionally, at least one of the
plurality of tapered cone bodies has an outer surface with a
plurality of flute elements extending about the circumfer-
ence of the tapered conical body to define a tapered fluted
conical body. Optionally, at least one of the plurality of
tapered cone bodies has an outer surface that is porous.
Optionally, at least one of the plurality of tapered cone
bodies has an outer surface that is rough.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a side view of a knee joint.

FIG. 2 is a schematic view of a front view of a knee joint.

FIG. 3 is a schematic side view of one embodiment of a
reaming assembly.

FIG. 4 is a schematic side view of another embodiment of
a reaming assembly.

FIG. 5A is a schematic side view of one embodiment of
a reaming cone.

FIG. 5B is a schematic top view of the reaming cone of
FIG. 5A.

FIG. 6A is a schematic side view of another embodiment
of a reaming cone.

FIG. 6B is a schematic top view of the reaming cone of
FIG. 6A

FIG. 7 is a schematic side view of another embodiment of
a reaming cone.

FIG. 8 is a schematic side view of another embodiment of
a reaming cone.

FIG. 9 is a schematic proximal end view of a cut tibia
bone with a reaming cone therein.

FIG. 10 is a schematic distal end view of a cut femur bone
with a reaming cone therein.

FIG. 11A is a schematic side view of a cut distal end of
the femur bone with the reaming cone therein prior to
installation of a trial femoral knee implant.

FIG. 11B is a schematic side view of a cutting guide
disposed at the distal end of the femur to cut one or more
planar surfaces to accommodate an implant.

FIG. 12 is a schematic side view of the assembly in FIG.
12 after installation of the trial femoral knee implant.

FIG. 13 if a front view of the assembly in FIG. 12 after
installation of the trial femoral knee implant.

FIG. 14 is a schematic side view of a cut proximal end of
the tibia bone with the reaming cone therein after installation
of the trial tibial knee implant.

FIG. 15 is a schematic side view of a device for removing
a knee implant.

FIG. 16 is a schematic block diagram of a kit for a trial
implant assembly and kit for a final implant assembly.

FIG. 17 is a block diagram showing a method of installing
a knee implant.

FIG. 18 is a block diagram showing a method of removing
a knee implant.

DETAILED DESCRIPTION

FIGS. 1-2 shows a schematic side and front view, respec-
tively of a human knee joint 100, which includes a distal end
12 of a femur 10, a proximal end 22 of a tibia 20, and a
patella 30. Total knee arthroplasty (TKA) involves removal
of at least a portion of the distal end 12 of the femur 10 and
at least a portion of the proximal end 22 of the tibia 20 and
implantation of prosthetic femoral and tibial components, as
described further below.
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FIG. 3 shows one embodiment of an assembly 300 that
can be used during a total knee replacement or total knee
revision surgical procedure, as further discussed below. The
assembly 300 can include an elongate shaft or stem 310 that
can be inserted into the bone. In the illustrated embodiment,
the assembly 300 is schematically shown disposed in the
tibia 20. However, the assembly 300 can also be used in
femur 10. The elongate shaft 310 extends between a proxi-
mal end 312 and a distal end 314 and has an outer surface
316. Optionally, the elongate shaft 310 can be cylindrical in
shape (e.g., have a circular transverse cross-section), conical
(e.g., circular in transverse cross-section but with decreasing
cross-sectional area as to crease a taper in the orthogonal
plane), or splined/fluted (e.g., have a star-like transverse
cross-section). The outer surface 316 can optionally be a
smooth surface. As used herein, “smooth” is intended to
have its ordinary meaning (e.g., free from perceptible pro-
jections, lumps or indentations); in connection with ortho-
pedic components, “smooth” is meant to refer, for example,
to a surface that is not fluted or has ridges protruding from
it, so the component does not provide rotational stability. In
the illustrated embodiment, the elongate shaft 310 extends
along an axis X that generally coincides with (e.g., is parallel
to, is coaxial with) a central axis of the tibia 20 (e.g., where
the tibia 20 extends in a normally linear manner such that the
axis X of the elongate shaft 310 intersects a transverse plane
at an ankle A at the distal end of the tibia 20 substantially at
a 90 degree angle). With respect to the femoral implant,
elongate shaft 310 extends along an axis X that generally
coincides with (e.g., is parallel to, is coaxial with) a central
axis of the femur 10 (e.g., where the femur 10 extends in a
normally linear manner such that the axis X of the elongate
shaft 310 intersects a transverse plane at a hip at the
proximal end of the femur 10 substantially at a 90 degree
angle). In one embodiment, the elongate shaft or stem 310
is substantially fixed within the bone (e.g., within the tibia
20) so that it does not rotate within the bone during the
procedure. Optionally, the elongate shaft 310 can have a
length of between about 25 mm and about 200 mm and a
diameter of between about 10 mm and about 30 mm.
However, the elongate shaft 310 can have other suitable
dimensions. The elongate shaft 310 can define a majority
(e.g., greater than 50%, greater than 60%, greater than 75%,
greater than 80%, etc.) of the length of the assembly 300.

With continued reference to FIG. 3, the proximal end 312
of the elongate shaft 310 can removably couple with a
reamer component 320, optionally via a bearing connection
323 (e.g., rolling element bearing, such as one with an inner
race that couples with the proximal end 312 of the elongate
shaft 310 and an outer race that couples with the reamer 320,
where the inner and outer races rotate relative to each other).
In another embodiment, the connection 323 can be a boss
that allows rotational movement between the reamer com-
ponent 320 and the elongate shaft 310, so that the reamer
320 can rotate while the elongate shaft 310 remains in a
substantially fixed angular orientation. In one embodiment,
the proximal end 312 of the elongate shaft 310 can have a
cross-sectional shape (e.g., hexagonal, pentagonal, square)
that substantially matches a shape of an opening in the
bearing connection that receives the proximal end 312.
Accordingly, the reamer 320 can rotate without rotating the
elongate shaft 310. The reamer 320 can extend between a
proximal end 324 and a distal end 322. In the illustrated
embodiment, the reamer 320 has a tapered cone shape so
that the outer surface 326 of the reamer 320 tapers from the
proximal end 324 toward the distal end 322. The outer
surface 326 of the reamer 320 can have one or more milling
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elements 327 (e.g., ridges) that allow the reamer 320 to
create a cavity in the bone having a corresponding shape as
the reamer 320. In the illustrated embodiment, the tapered
cone shaped reamer 320 can be rotated to form a tapered
cone shaped cavity in the proximal end 22 of the tibia 20.

The proximal end 324 of the reamer 320 can have a
connector 328 shaped to couple with a corresponding end of
a shaft 410 that can be chucked to an orthopedic tool
(manual or electric), such as a drill 400. In one embodiment,
the connector 328 is a female connector having an opening
shaped (e.g., with a cross-sectional shape that is square,
hexagonal, pentagonal, etc.) to receive a similarly shaped
end of the shaft 410. In another embodiment, the connector
328 is a male connector having a cross-sectional shape (e.g.,
square, hexagonal, pentagonal, etc.) corresponding to a
shape of an opening in the shaft 410 that receives the
connector 328. Once chucked to the drill 400, the shaft 410
can be rotated, which can in turn rotate the reamer 320 via
the connector 328 to form the cavity in the bone without
rotating the elongate shaft 310, which remains in a fixed
orientation in the bone.

FIG. 4 shows an embodiment of an assembly 300B that is
similar to the assembly 300 in FIG. 3, except as described
below. The assembly 300B is constructed similar to the
assembly 300 shown in FIG. 3, except as noted below.
Therefore, the references numerals used to designate the
various components of the assembly 300B are identical to
those used for identifying the corresponding components of
the assembly 300 in FIG. 3, except that a “B” has been added
to the reference numerals.

In the illustrated embodiment, the elongate shaft or stem
310B extends at an angle o relative to an axis of the femur
10 or tibia 20 (e.g., relative to a central axis X of the bone),
where the bone (e.g., tibia) is s-shaped or to account for
normal anatomy of the distal femur including variations of
the anatomic axis in the coronal plane and femoral bow in
the sagittal plane. In one embodiment the angle o can be
between about 3 degrees and about 5 degrees. In other
embodiments, the angle o can have other values, such as
between about 1 degree and about 12 degrees. The proximal
end 312B of the elongate shaft 310B extends along a vertical
axis, while the portion of the elongate shaft 310B distal of
the proximal end 312B extends at said offset angle o relative
to the vertical axis X. As with the assembly 300, the
assembly 300B has a reamer 320B that removably couples
to the proximal end 312B of the elongate shaft 310B via a
rotatable connection 323B (e.g., a bearing connection, such
as rolling element bearing, a boss, etc.) that allows the
elongate shaft 310B to remain in a fixed orientation while
the reamer 320B is rotated to ream a cavity into the end of
the bone (e.g., the proximal end 22 of the tibia 20). The
reamer 320B is similar to the reamer 320 and operates in the
same manner, can have a tapered cone shape, and can be
coupled to a drill 400 via a shaft 410 that can be chucked to
the drill 400 and that can couple to a connector 328B in the
proximal end 324B of the reamer 320.

FIGS. 5A and 5B show a schematic side view and top
view of the reamer 320, 320B shown in FIGS. 3-4. The
proximal end 324, 324B of the reamer 320, 320B can have
a surface 325, 325B that in one embodiment is generally
planar. In other embodiments, the surface 325, 325B can
have other suitable shapes, such as concave, convex, etc.
The connector 328, 328B at the proximal end 324, 324B of
the reamer 320, 320B in FIG. 5B can be female and have a
generally circular shape (e.g., a cylindrical recess) that
receives the shaft 410. In other embodiments, the connector
328, 328B can have other shapes (e.g., square, pentagonal,
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hexagonal) that mates with a similarly shaped end of the
shaft 410 to allow rotation of the shaft 410 (e.g., via the drill
400) to cause rotation of the reamer 320, 320B. In the
illustrated embodiment, the proximal end 324, 324B and the
distal end 322, 322B of the reamer 320, 320B can extend
along substantially parallel planes, with the outer diameter
of the proximal end 324, 324B being greater than the outer
diameter of the distal end 322, 322B to thereby define the
tapered cone shape.

FIGS. 6A-6B show an embodiment of a reamer 320C that
is similar to the reamer 320, 320B in FIGS. 5A-5B, except
as described below. The reamer 320C is constructed similar
to the reamer 320, 320B shown in FIGS. 5A-5B, except as
noted below. Therefore, the references numerals used to
designate the various features of the reamer 320C are
identical to those used for identifying the corresponding
features of the reamer 320, 320B in FIGS. 5A-5B, except
that a “C” has been added to the reference numerals.

In the illustrated embodiment, a proximal end 324C ofthe
reamer 320C has a cutout 321C so that the shape of the
reamer 320C is not a complete tapered cone. The cutout
321C defines a vertical surface 321C1 and a horizontal
surface 321C2 that are optionally substantially perpendicu-
lar to each other. The reamer 320C has a height 329C1
between the distal end 322C and the horizontal surface
321C2 of the cutout 321C. The reamer 320C has a height
329C2 between the distal end 322C and the proximal end
324C. In one embodiment, the height 329C1 can be approxi-
mately one half the height 329C2. However, in other
embodiments the ratio between the height 329C1 and the
height 329C2 can have other suitable values (e.g., ¥4%, 15™,
3™, etc.). The cutout 321C in the reamer 320C allows the
reamer 320C to accommodate (e.g., to not impinge on) the
implant (e.g., the femoral knee implant) when implant is
coupled to the reamer 320C component, as further discussed
below. The reamer 320C is otherwise similar to the reamer
320, 320B and operates in the same manner, can have a
generally tapered cone shape, and can be coupled to a drill
400 via a shaft 410 that can be chucked to the drill 400 and
that can couple to a connector 328C in the proximal end
324C of the reamer 320C. The distal end 322C of the reamer
can couple to a proximal end 312, 312B of an elongate shaft
or stem 310, 310B via a rotatable connector 323, 323B (e.g.,
a bearing connector, boss, etc.) that allows the reamer 320C
to rotate (e.g., to create the tapered cavity in the femur) while
the shaft 310, 310B remains in a fixed orientation (e.g., the
elongate shaft 310, 310B does not rotate with the reamer
3200).

FIG. 7 shows an embodiment of a reamer 320D that is
similar to the reamer 320, 320B in FIGS. 3-5B, except as
described below. The reamer 320D is constructed similar to
the reamer 320, 320B shown in FIGS. 3-5B, except as noted
below. Therefore, the references numerals used to designate
the various features of the reamer 320D are identical to those
used for identifying the corresponding features of the reamer
320, 320B in FIGS. 3-5B, except that a “D” has been added
to the reference numerals.

In the illustrated embodiment, the reamer 320D can
include one or more nested reamer portions A-D that can be
sequentially coupled to each other to define the reamer body
320D. Though FIG. 7 shows the reamer 320D with four
reamer portions A-D, one of skill in the art will recognize
that the reamer 320D can have any number of reamer
portions A-D, where at least a subset of the plurality of
reamer portions A-D can be fixedly coupled to each other to
define the reamer 320D body. The distal reamer portion A
can have a rotatable coupling 323D (e.g., a bearing connec-
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tion, such as a rolling element bearing, a boss, etc.) at the
distal end 322D that can engage an elongate element, such
as the elongate element 310, 310B in FIGS. 3-4. Each of the
plurality of reamer portions A-D can have a connector (e.g.,
female coupling) 328D at its proximal end, which can
receive a similarly shaped end of the shaft 410 that can be
chucked to a driving element (e.g., a drill). Each of the
reamer portions A-D can have a tapered cone outer surface
326D so that when two or more of the reamer portions A-D
are sequentially nested, the outer surface of the reamer 320D
defines a tapered cone surface. Each of the reamer portions
A-D can also have milling elements 327D (e.g., ridges,
edges) that align with each other when two or more of the
plurality of reamer portions A-D are sequentially stacked
together.

The plurality of reamer portions A-D advantageously
fixedly couple to each other so that when two or more of the
plurality of reamer portions A-D are nested together to
define the reamer 320D structure they move as one piece
(e.g., they rotate together). For example, the plurality of
reamer portions A-D can each have one or more pins at a
distal end that extend into one or more holes in a proximal
end of an adjacent reamer portion. In another embodiment,
each of the reamer portions A-D can each have one or more
holes at a distal end that receive corresponding one or more
pins in a proximal end of an adjacent reamer portion.

In use, the orthopedic surgeon could begin by using a first
reamer portion (e.g., reamer portion A) to ream a cavity in
a bone (e.g., in the proximal end 22 of the tibia 20). If the
surgeon determined that a cavity needed to be larger, the
surgeon could couple a second reamer portion (e.g., reamer
portion B) onto the proximal end of the previously used
reamer portion A to increase the size of the reamer 320D,
and operate the reamer 320D (e.g., via a drill that operatively
drives the reamer 320D) to create the larger cavity size. The
surgeon could continue the process of nesting additional
reamer portions onto the previously delivered reamer por-
tions A-B, to create a cavity of the desired size in the bone.

FIG. 8 shows an embodiment of a reamer 320E that is
similar to the reamer 320C, in FIGS. 6A-6B, except as
described below. The reamer 320E is constructed similar to
the reamer 320C shown in FIGS. 6A-6B, except as noted
below. Therefore, the references numerals used to designate
the various features of the reamer 320F are identical to those
used for identifying the corresponding features of the reamer
320C in FIGS. 6A-6B, except that an “E” has been added to
the reference numerals. FIG. 8 shows a reamer 320F that has
a tapered cone shape from the proximal end to the distal end.
Once the drill 400 is disconnected from the reamer 320E, a
top segment of the proximal end can be removed to define
the tapered cone with the cutout 321E. Additionally, the top
segment can be textured or colored, so the user can see
where the cut-out is on each cut-out cone reamer.

In the illustrated embodiment, the reamer 320E can
include one or more nested reamer portions A'-D', each
having a proximal cutout portion A1'-D1' that can be sequen-
tially coupled to each other to define the reamer body 320E
with a proximal cutout 321E. Though FIG. 8 shows the
reamer 320E with four reamer portions A'-D', one of skill in
the art will recognize that the reamer 320E can have any
number of reamer portions A'-D', where at least a subset of
the plurality of reamer portions A'-D' can be fixedly coupled
to each other to define the reamer 320E body. The distal
reamer portion A' can have a rotatable coupling 323E (e.g.,
a bearing connection, such as a rolling element bearing, a
boss, etc.) at the distal end 322FE that can engage an elongate
element, such as the elongate element 310, 310B in FIGS.
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3-4. Each of the plurality of reamer portions A'-D' can have
a connector (e.g., female coupling) 328E at its proximal end,
which can receive a similarly shaped end of the shaft 410
that can be chucked to a driving element (e.g., a drill). Each
of'the reamer portions A'-D' can define a portion of a tapered
cone outer surface 326F (except where the reamer portion
A'-D' has the cutout) so that when two or more of the reamer
portions A'-D' are sequentially nested, the outer surface of
the reamer 320E defines a tapered cone surface with a
proximal cutout. Each of the reamer portions A'-D' can also
have milling elements 327¢ (e.g., ridges, edges) that align
with each other when two or more of the plurality of reamer
portions A'-D' are sequentially stacked together.

The plurality of reamer portions A'-D' advantageously
fixedly couple to each other so that when two or more of the
plurality of reamer portions A'-D' are nested together to
define the reamer 320E structure they move as one piece
(e.g., they rotate together). For example, the plurality of
reamer portions A'-D' can each have one or more pins at a
distal end that extend into one or more holes in a proximal
end of an adjacent reamer portion. In another embodiment,
each of the reamer portions A'-D' can each have one or more
holes at a distal end that receive corresponding one or more
pins in a proximal end of an adjacent reamer portion.

In use, the orthopedic surgeon could begin by using a first
reamer portion (e.g., reamer portion A') to ream a cavity in
a bone (e.g., in the distal end 12 of the femur 10). If the
surgeon determined that a cavity needed to be larger, the
surgeon could couple a second reamer portion (e.g., reamer
portion B') onto the proximal end of the previously used
reamer portion A' to increase the size of the reamer 320E,
and operate the reamer 320E (e.g., via a drill that operatively
drives the reamer 320E) to create the larger cavity size. The
surgeon could continue the process of nesting additional
reamer portions onto the previously delivered reamer por-
tions A'-B', to create a cavity of the desired size in the bone.

As with the reamer 320C, the cutout 321E of the reamer
320FE allows it to accommodate (e.g., to not impinge on) the
implant (e.g., the femoral knee implant) when implant is
coupled to the reamer 320E component.

FIG. 9 is an end view of a cut proximal end 22' of the tibia
20 into which the reamer 320, 320B, 320D has been
inserted. In one embodiment, the proximal end 324, 324B,
324D of the reamer 320, 320B, 320D can be generally flush
with the proximal surface of the cut tibia 20. Advanta-
geously, the outer perimeter O of the reamer 320, 320B,
320D is generally circular and bounded by an outer bound-
ary of cut proximal end 22' of the tibia 20.

FIG. 10 is an end view of a cut distal end 12' of the femur
10 into which the reamer 320C, 320E has been inserted. In
one embodiment, the proximal end 324C, 324E of the
reamer 320C, 320E can be generally flush with the distal
surface 12' of the cut femur 10. Advantageously, the outer
perimeter O of the reamer 320C, 320F is generally bounded
by an outer boundary of cut distal end 12' of the tibia 20. In
the illustrated embodiment, the vertical surface 321C1 of the
cutout 321C, 321E faces the anterior side of the distal end
12 of the femur 10.

FIG. 11 A shows a schematic exploded view of a distal end
12 of the femur 10 with the reamer 320C, 320E inserted
therein, prior to attachment of a trial implant 500 on the
distal end 12. Once the reamer 320C, 320E has been inserted
into the distal end 12 of the femur to form the desired cavity
(e.g., conical cavity), a cutting guide 600 (see FIG. 11B) can
be attached to the proximal end 324C, 324E of the reamer
320C, 320E to cut the femur 10 flush with one or more
surfaces of the reamer 320C, 320E. The trial implant 500 can
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then be attached to the reamer 320C, 320E to define the trial
implant assembly 500', as shown in FIG. 12. The trial
implant 500' can be coupled with the reamer 320C, 320E in
any suitable manner (e.g., with bone cement, with one or
more screws, with a spline or other mechanical attachment,
slot-key connection, tapered connection, etc.). Advanta-
geously, as seen in FIGS. 11A, 12, the cut out portion 321C,
321E of the reamer 320C, 320FE allows the trial implant 500
to be coupled with the proximal end 324C, 324E of the
reamer 320C, 320E without impinging on the trial implant
500.

FIG. 13 shows a schematic front view of the distal end 12
of the femur 10 with the trial implant assembly 500", which
includes the trial implant 500, the reamer 320C, 320E and
the elongate shaft or stem 310, 310B. The trial implant 500
for the femur 10 can define a pair of condyle surfaces 502,
504 and an anterior surface 506 that extends in front of at
least a portion of the cut distal end 12 of the femur 10. As
discussed above, the trial implant 500 can couple to the
reamer 320C, 320E in any suitable manner (e.g., using
screws, a spline connection, tapered connection, cement, slot
and key connection, press-fit connection, etc.).

FIG. 14 shows a schematic front view of the distal end 22
of the tibia 20 with a trial implant assembly 510", which
includes a trial implant 510, the reamer 320A, 320B, 320D
and the elongate shaft or stem 310, 310B. The trial implant
510 for the tibia 20 can extend over at least a portion of the
cut proximal end 22 of the tibia 20 and can define an
articulating surface 512 that can contact the condyle surfaces
502, 504 of the trial implant 500 of the femur 10. As
discussed above, the trial implant 510 can couple to the
reamer 320A, 320B, 320D in any suitable manner (e.g.,
using screws, a spline connection, a tapered connection,
cement, slot and key connection, press-fit connection, etc.).

FIG. 15 shows one embodiment of an assembly 700 for
removing an implant assembly, as further discussed below.
For simplicity, the elongate shaft and implant body, as well
as the bone (e.g., femur 10, tibia 20) that the implant is
located in is not shown in FIG. 15. The implant assembly
includes a tapered cone body 820 similar in shape to the
reamer 320A, 320B, 320D described above. In one embodi-
ment, the tool 710 is a drill bit. In another embodiment, the
tool 710 is a burr. In still another embodiment, the tool 710
is a router. The distal end 712 can have a length L that is at
least as great as a height X of the tapered cone body 820. The
tool 710 can be inserted between the outer surface 826 of the
tapered cone body 820 and the bone, and the tool 710 can be
operated (e.g., rotated about its axis) to detach or pry loose
the tapered cone body 820 from the bone.

With continued reference to FIG. 15, the tool 710 can be
inserted at an angle a1 that substantially coincides (e.g., is
identical to) the angle a2 of the tapered cone body 820. A
proximal end 716 of the tool 710 can be supported at the
angle al by a support 730 that connects the tool 710 to a
shaft S attached to a proximal end 824 of the tapered cone
body 820 by a connector 828. The tool 710 can optionally be
operated manually. In another embodiment, the tool 710 can
be operated by a power tool such as a drill 410 that couples
to the proximal end 716 of the tool 710.

Though FIG. 15 shows a tapered cone body 820 that is
generally similar in size and shape with the reamer 320A,
320B, 320D, the implant assembly can instead have a
tapered cone body with a cutout 820' that is similar in size
and shape as the reamer 320C, 320F described above.

FIG. 16 shows an embodiment of a kit K1 for assembling
a tibial trial implant assembly 510' and a femoral trial
implant assembly 500'. The kit K1 can include a plurality of
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elongate members 310, 310B of various sizes S1-S4, a
plurality of tapered cone reamers 320-320E of different sizes
A-D, and a plurality of tibial trial implants 510 and femoral
trial implants 500 of different sizes I1-14. The surgeon would
utilize the kit K1 to assemble the desired trial implant
assembly 500", 510" for the femur and tibia, using different
sized components, as needed to achieve the desired fit for the
trail implant, as described further below in connection with
FIG. 17. Once the surgeon obtained the desired trial implant
assembly 500', 510", the surgeon could then assemble the
final implant assemblies 900", 910' for the femur and tibia
utilizing a similar kit K2 with similarly sized components
for the elongate shaft 810, tapered cone body 820 and
implant 900,910. Accordingly the different sizes of the
components of the trial implant assembly 500, 510' correlate
with the different sizes of the components of the final
implant assembly 900, 910', simplifying the process of
assembling the final implant assembly based on the trial
implant assembly 500, 510' the surgeon determined was the
appropriate one for the patient.

FIG. 17 is a block diagram of a method 1000 of installing
a total knee implant. The knee implant can include a femoral
implant assembly 900 and a tibial implant assembly 910 that
are implanted into the distal femur and the proximal tibia,
respectively. The process below is described with respect to
implanting the tibial implant assembly 910 on the tibia 20.
However, a similar process is used to implant the femoral
implant assembly 910, except that the tapered cone reamer
with the cutout 320C, 320E is used, and a similarly shaped
tapered cone body 820' is implanted once the trial implant
assembly is removed.

At block 1010, the surgeon could use a straight reamer to
ream a straight cavity in the bone (e.g., the tibia 20 or femur)
and then it is taken out. If the straight reamer does not point
at the ankle for the tibial implant or hip for the femoral
implant (e.g., has an offset of 1 to 12 degrees from vertical),
the surgeon would utilize a 1 to 12 degree adapter with the
straight reamer to orient the proximal tibia to the ankle or
distal femur to the hip.

At block 1020, the surgeon assembles the elongate shaft
310, 310B to the reamer 320A, 320B, 320D and inserts it
into the straight cavity formed by the straight reamer. The
elongate shaft 310, 310B provides angular orientation, while
the reamer 320A, 320B, 320D provides rotational and axial
stability (e.g., via the ridges 327A, 327B, 327D on its outer
surface 326A, 326B, 326D). The elongate shaft 310 in one
embodiment has a smaller outer diameter (e.g., 1-2 mm
smaller) than the straight reamer to ensure the elongate shaft
310 is easily delivered into the straight cavity (e.g., does not
get caught in the bone during insertion). The surgeon then
proceeds to ream the proximal end 22 of the tibia 20 to ream
the tapered cone shape cavity so that it points perpendicular
to the ankle, or ream the distal end 12 of the femur 10 to
ream the tapered cone shape cavity so that it points sub-
stantially perpendicular to the hip. The surgeon would
continue to ream the cavity in the tibia 20 or femur until the
desired size cavity was obtained (e.g., when sufficient boney
opposition and cortical contact is obtained). For example, if
using the modular reamer 320D, the surgeon can continue to
sequentially nest reamer portions A-D of increasing size to
obtain a larger tapered cone reamer body and form a larger
tapered cone cavity in the tibia 20. As discussed above, the
proximal end of the reamer 310A, 310B, 310D can be
coupled to a shaft that is chucked to a drill 400, which can
be operated to rotate the reamer 310A, 310B, 310D, without
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rotating the elongate shaft 310, 310B due to the rotatable
(e.g., bearing) connection between the elongate shaft 310,
310B, 310D and the reamer.

At block 1030, the surgeon can disconnect the drill 400
from the proximal end 324A, 324B, 324C of the reamer
320A, 320B, 320D once the desired tapered cavity is
achieved in the tibia 20, leaving the elongate shaft 310, 310B
and the reamer 320A, 320B, 320D in place in the tibia 20.

At block 1040, the surgeon can connect a cutting guide
600 to the reamer 320A, 320B, 320D and cut the tibia 20
flush to the proximal end 324A, 324B, 324D of the reamer
320A, 320B, 320D.

At block 1050, the surgeon can disconnect the cutting
guide 600 from the reamer 320A, 320B, 320D and connect
the tibial trial implant 510 to define the trial implant assem-
bly 510". The surgeon would then determine if the trial
implant assembly 510' meets his or her requirements for the
tibial portion of the knee implant or requires further changes
(e.g., requires a larger sized trial tibial implant 510). For
example, the position and size of the trial implant assembly
510' can be adjusted until a well-balanced knee joint is
achieved.

At block 1060, once the surgeon determines that the tibial
trial implant assembly 510" meets the requirements for the
tibial portion of the knee implant, the surgeon would remove
the trial implant assembly 510' (e.g., the tibial trial implant
510, reamer 320A, 320B, 32D and elongate shaft 310, 310B)
from the tibia 20.

At block 1070, the surgeon would assemble the final tibial
implant assembly 910', which would have an elongate shaft
810, a tapered cone 820, and a tibial implant 910. The final
tibial implant assembly 910' can be assembled in multiple
pieces but is inserted into the cavity in the tibia 20 in one
piece. The elongate shaft 810 would provide axial stability,
while the tapered fluted or porous cone 820 can provide
rotational stability (e.g., via one or more ridges that engage
the bone in the cavity, such as the diaphysis).

The final tibial implant assembly 910' is similar (e.g.
identical) in shape and size as the tibial trial implant assem-
bly 510'. For example, the elongate shaft 810 can be similar
(e.g. identical) in size and shape to the elongate shaft 310,
310B. Similarly, the tapered cone 820 can be similar (e.g.
identical) in shape and size as the reamer 320A, 3208, 320C.
Finally, the tibial implant 910 can be similar (e.g., identical)
in size and shape as the trial tibial implant 510. The final
tibial implant assembly 910' can differ from the tibial trial
implant assembly 510" in the quality of the materials used.
The surgeon can fix the final implant assembly 910' in the
tibia 20 utilizing any suitable method (e.g., cementing the
implant assembly 910" in the bone).

Advantageously, the size of each of the elongate shaft
310, 310B, the reamer 320A, 320B, 320D and the tibial
implant 510 correspond to similarly sized elongate shaft
810, tapered cone 820 and tibial implant 910. Moreover, the
elongate shaft 310, 310B, reamer 320A, 320B, 320D and
tibial implant 510 can be provided in multiple sizes, allow-
ing the surgeon to assembly a trial implant assembly 510’
with different sized components to achieve the desired
operation from the trial implant assembly 510'. Accordingly,
utilizing the trial implant assembly 510" to determine the
desired implant arrangement simplifies the implantation
process as the surgeon can then assemble the final implant
with a similarly sized elongate shaft, tapered cone and
implant body as the trial implant assembly 510"

Though the method 1000 described in the steps of FIG. 16
has been described with respect to the tibial implant assem-
bly 910" one or skill in the art will recognize that substan-
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tially the same process can be used for the implantation of
the femoral implant assembly 900'. However, for the femo-
ral implant, the reamer 320C, 320E is used instead of the
reamer 320A, 3208, 320D to provide the cutout 321C, 321E
to accommodate the femoral trial implant 500 thereon, as
previously described.

FIG. 18 shows one embodiment of a method 1100 for
removing a pre-existing implant assembly. To simplify the
description, the method 1100 will be described for the
removal of a previously implanted tibial implant assembly
910" having a shape and size as described herein. However,
one of skill in the art will recognize that a substantially
similar process can be utilized to remove a previously
implanted femoral implant assembly 900' having a shape
and size as described herein.

At step 1110, the surgeon could decouple the tibial
implant 910 from the tapered cone 820.

At step 1120, the surgeon could attach the tool 710 of the
removal assembly 700 to a shaft S and couple the shaft S to
the tapered cone 820 so that the tool 710 extends at sub-
stantially the same angle as the angle of the tapered cone.

At step 1130, the surgeon could introduce the tool 710
between the outer surface 826 of the tapered cone 820 and
the bone, as illustrated in FIG. 15.

At step 1140, the surgeon could operate the tool 710 (e.g.
with a drill 400) and rotate the tool 710 about the circum-
ference of the tapered cone 820 to disengage it from the bone
about its periphery.

At step 1150, the surgeon could remove the tapered cone
820 and the elongate shaft 810 from the tibia 20, and proceed
to prepare the cavity for the implantation of a new tibial
implant assembly 910'.

Advantageously, because it is only the tapered cone 820
that provides rotational stability to the tibial implant assem-
bly 910", is the portion of the implant assembly 910" that is
rotationally fixed to the tibia, and sits at the proximal portion
of the tibial implant assembly 910", the tool 710 does not
need to be inserted to the distal end of the tibial implant
assembly 910', but rather only needs to be extended to the
distal end 822 of the tapered cone 820, which makes
removal of the previously implanted tibial implant assembly
910' much easier and efficient to perform, and takes less time
than if the rotational stability was also provided along a stem
portion of the implant.

Accordingly, in the embodiments described herein, the
height of the reamer 320-320F in the trial implant assembly
500', 510" and corresponding tapered cone 820 in the final
implant assembly 900", 910" are the only portions that are
rotationally fixed in the bone (femur 10, tibia 20). The
elongate shaft 310, 310B in the trial implant assembly 500",
510' and elongate shaft 810 in the final implant assembly
900', 910" is not rotationally fixed in the bone (rather, it
provides axial stability), so that the elongate shaft 310,
310B, 820 need not be dislodged from the bone by inserting
a tool 710 to the distal end of the elongate shatt 310, 310B,
820. Accordingly, the tapered cone reamer 320-320E and
tapered cone body 820 only define a proximal portion of the
trial implant assembly 500',510' and final implant assembly
900', 910'. That is, the height or length of the tapered cone
reamer 320-320E of the trial implant assembly 500', 510'
and tapered cone body 820 of the final implant assembly
900", 910" provide a relatively small amount to the length of
the trial implant assembly 500', 510' and final implant
assembly 900', 910" relative to the length of the other
components (e.g., elongate shaft 310, 310B, 810). In one
embodiment, the height or length of the tapered cone reamer
320-320F of the trial implant assembly 500',510" and tapered
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cone body 820 of the final implant assembly 900', 910' is less
than % the length of the trial implant assembly 500, 510" and
final implant assembly 900', 910", respectively. In another
embodiment, the height or length of the tapered cone reamer
320-320FE of the trial implant assembly 500',510" and tapered
cone body 820 of the final implant assembly 900', 910' is less
than V4 the length of the trial implant assembly 500, 510" and
final implant assembly 900, 910', respectively. In still
another embodiment, the height or length of the tapered cone
reamer 320-320E of the trial implant assembly 500',510' and
tapered cone body 820 of the final implant assembly 900',
910" is less than Y4 the length of the trial implant assembly
500", 510" and final implant assembly 900', 910', respec-
tively.

While certain embodiments of the inventions have been
described, these embodiments have been presented by way
of example only, and are not intended to limit the scope of
the disclosure. Indeed, the novel methods and systems
described herein may be embodied in a variety of other
forms. Furthermore, various omissions, substitutions and
changes in the systems and methods described herein may
be made without departing from the spirit of the disclosure.
For example, one portion of one of the embodiments
described herein can be substituted for another portion in
another embodiment described herein. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosure. Accordingly, the scope of the present
inventions is defined only by reference to the appended
claims.

Features, materials, characteristics, or groups described in
conjunction with a particular aspect, embodiment, or
example are to be understood to be applicable to any other
aspect, embodiment or example described in this section or
elsewhere in this specification unless incompatible there-
with. All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process so
disclosed, may be combined in any combination, except
combinations where at least some of such features and/or
steps are mutually exclusive. The protection is not restricted
to the details of any foregoing embodiments. The protection
extends to any novel one, or any novel combination, of the
features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any
method or process so disclosed.

Furthermore, certain features that are described in this
disclosure in the context of separate implementations can
also be implemented in combination in a single implemen-
tation. Conversely, various features that are described in the
context of a single implementation can also be implemented
in multiple implementations separately or in any suitable
subcombination. Moreover, although features may be
described above as acting in certain combinations, one or
more features from a claimed combination can, in some
cases, be excised from the combination, and the combination
may be claimed as a subcombination or variation of a
subcombination.

Moreover, while operations may be depicted in the draw-
ings or described in the specification in a particular order,
such operations need not be performed in the particular
order shown or in sequential order, or that all operations be
performed, to achieve desirable results. Other operations
that are not depicted or described can be incorporated in the
example methods and processes. For example, one or more
additional operations can be performed before, after, simul-
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taneously, or between any of the described operations.
Further, the operations may be rearranged or reordered in
other implementations. Those skilled in the art will appre-
ciate that in some embodiments, the actual steps taken in the
processes illustrated and/or disclosed may differ from those
shown in the figures. Depending on the embodiment, certain
of'the steps described above may be removed, others may be
added. Furthermore, the features and attributes of the spe-
cific embodiments disclosed above may be combined in
different ways to form additional embodiments, all of which
fall within the scope of the present disclosure. Also, the
separation of various system components in the implemen-
tations described above should not be understood as requir-
ing such separation in all implementations, and it should be
understood that the described components and systems can
generally be integrated together in a single product or
packaged into multiple products.

For purposes of this disclosure, certain aspects, advan-
tages, and novel features are described herein. Not neces-
sarily all such advantages may be achieved in accordance
with any particular embodiment. Thus, for example, those
skilled in the art will recognize that the disclosure may be
embodied or carried out in a manner that achieves one
advantage or a group of advantages as taught herein without
necessarily achieving other advantages as may be taught or
suggested herein.

Conditional language, such as “can,” “could,” “might,” or
“may,” unless specifically stated otherwise, or otherwise
understood within the context as used, is generally intended
to convey that certain embodiments include, while other
embodiments do not include, certain features, elements,
and/or steps. Thus, such conditional language is not gener-
ally intended to imply that features, elements, and/or steps
are in any way required for one or more embodiments or that
one or more embodiments necessarily include logic for
deciding, with or without user input or prompting, whether
these features, elements, and/or steps are included or are to
be performed in any particular embodiment.

Conjunctive language such as the phrase “at least one of
X, Y, and Z,” unless specifically stated otherwise, is other-
wise understood with the context as used in general to
convey that an item, term, etc. may be either X, Y, or Z.
Thus, such conjunctive language is not generally intended to
imply that certain embodiments require the presence of at
least one of X, at least one of Y, and at least one of Z.

Language of degree used herein, such as the terms
“approximately,” “about,” “generally,” and “substantially”
as used herein represent a value, amount, or characteristic
close to the stated value, amount, or characteristic that still
performs a desired function or achieves a desired result. For
example, the terms “approximately”, “about”, “generally,”
and “substantially” may refer to an amount that is within less
than 10% of, within less than 5% of, within less than 1% of,
within less than 0.1% of, and within less than 0.01% of the
stated amount. As another example, in certain embodiments,
the terms “generally parallel” and “substantially parallel”
refer to a value, amount, or characteristic that departs from
exactly parallel by less than or equal to 15 degrees, 10
degrees, 5 degrees, 3 degrees, 1 degree, or 0.1 degree.

The scope of the present disclosure is not intended to be
limited by the specific disclosures of preferred embodiments
in this section or elsewhere in this specification, and may be
defined by claims as presented in this section or elsewhere
in this specification or as presented in the future. The
language of the claims is to be interpreted broadly based on
the language employed in the claims and not limited to the
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examples described in the present specification or during the
prosecution of the application, which examples are to be
construed as non-exclusive.

What is claimed is:

1. A modular system for total knee arthroplasty, compris-
ing:

a modular trial implant assembly comprising

an elongate shaft configured for insertion into an elon-
gate cavity in a bone;

a reamer that extends between a proximal end and a
distal end, the reamer being removably coupleable to
a proximal end of the elongate shaft via a connection
that allows the reamer to rotate relative to the elon-
gate shaft while the elongate shaft remains in a
substantially fixed angular orientation, the reamer
having an outer surface that tapers toward the distal
end of the reamer, the outer surface further having a
plurality of milling elements extending between the
proximal and distal ends of the reamer about the
circumference of the reamer, the milling elements
configured to form a tapered cavity in an end of a
bone in which the reamer is inserted and rotated; and

a trial implant removably coupleable to a proximal end
of the reamer,

wherein the elongate shaft comprises a smooth outer

surface to provide angular orientation but not rotational
stability when inserted into the elongate cavity, and
wherein the plurality of milling elements of the outer
surface of the reamer is configured to provide rotational
and axial stability in the tapered cavity.

2. The system of claim 1, wherein the elongate shaft has
a shape consisting of one of a cylindrical shape with a
circular transverse cross-section, a conical shape with a
circular transverse cross-section with decreasing area
toward a distal end of the elongate shaft.

3. The system of claim 1, wherein the reamer has a tapered
cone shape.

4. The system of claim 1, wherein the reamer comprises
a cutout at the proximal end to accommodate the coupling of
the trial implant onto the proximal end of the reamer without
impinging on the trial implant, the reamer defining a tapered
cone shape with a proximal cutout.

5. The system of claim 1, wherein the connection com-
prises a bearing.

6. The system of claim 1, wherein the elongate shaft is
configured to extend substantially parallel to an axis of the
femur or tibia in which it is inserted.

7. The system of claim 1, wherein the elongate shaft is
configured to extend at an angle relative to an axis of the
femur or tibia bone in which it is inserted, where the bone
is s-shaped or to account for normal anatomy of the distal
femur including variations of the anatomic axis in the
coronal plane and femoral bow in the sagittal plane.

8. The system of claim 1, further comprising a final
implant assembly, at least a portion of the final implant
assembly comprising at least a portion of a tapered conical
body.

9. The system of claim 8, wherein the final implant
assembly further comprises an elongate stem, and wherein
one or both of the elongate stem and the tapered conical
body has an outer surface that consists of one of a fluted
surface and a porous surface.

10. A modular kit for total knee arthroplasty, comprising:

a plurality of elongate shafts configured for insertion into

an elongate cavity in a femur or tibia bone, each of the
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elongate shafts differing in one or both of length and
outer diameter, each of the elongate shafts comprising
a smooth outer surface;

a plurality of tapered conical reamers differing in one or
both of length and maximum outer diameter, each of
the tapered conical reamers having an outer surface
with a plurality of milling elements extending about the
circumference of the tapered conical reamer; and

a plurality of trial implants of different sizes,

wherein each of the trial implants is coupleable to a
proximal end of each of the tapered conical reamers,
which is coupleable to a proximal end of each of the
elongate shafts to assemble a trial implant assembly, the
reamer being removably coupleable to the proximal
end of the elongate shafts via a connection that allows
the tapered conical reamer to rotate relative to the
elongate shaft while the elongate shaft remains in a
substantially fixed angular orientation.

11. The modular kit of claim 10, wherein each of the
elongate shafts has a shape consisting of one of: a cylindrical
shape with a circular transverse cross-section, a conical
shape with a circular transverse cross-section with decreas-
ing area toward a distal end of the elongate shaft.

12. The modular kit of claim 10, further comprising:

a plurality of elongate stems having a circular transverse
cross-section, each of the elongate stems differing in
one or both of length and outer diameter;

a plurality of tapered cone bodies differing in one or both
of length and maximum outer diameter; and

a plurality of implants of different sizes,

wherein each of the implants is coupleable to a proximal
end of each of the tapered cone bodies, which is
coupleable to a proximal end of each of the elongate
stems, and wherein a final implant assembly is defined
by one of the plurality of implants assembled together
with one or more of one of the plurality of elongate
stems or at least a portion of one of the plurality of
tapered cone bodies.

13. The modular kit of claim 12, wherein the plurality of
elongate stems, plurality of tapered cone bodies and plural-
ity of implants substantially correspond in size and shape
with the plurality of elongate shafts, plurality of tapered
reamers and plurality of trial implants, respectively.

14. The modular kit of claim 12, wherein at least one of
the plurality of tapered cone bodies and at least one of the
plurality of elongate stems has an outer surface that consists
of one of a fluted surface and a porous surface.

15. The modular kit of claim 10, wherein each of the
reamers comprises a cutout at the proximal end of each of
the reamers to accommodate the coupling of each of the trial
implants onto the proximal ends of each of the reamers
without impinging on each of the trial implants, each of the
reamers defining at least in part a tapered cone shape with a
proximal cutout.

16. The modular kit of claim 12, wherein each of the
tapered cone bodies comprises a cutout at a proximal end to
accommodate the coupling of each of the implants onto the
proximal end of each of the tapered cone bodies without
impinging on each of the implants.

17. The modular kit of claim 10, wherein each of the
reamers comprises a plurality of sequentially nestable por-
tions releasably coupleable with each other to define the
tapered shape, where a maximum outer diameter of the
tapered shape is defined by the last of the sequentially
nestable portions that are coupled to each other, the plurality
of sequentially nestable portions configured to rotate as a
single unit when assembled together.
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18. The modular kit of claim 17, wherein each of the
sequentially nestable portions has a tapered cone shape with
a proximal cutout so that each of the assembled reamer
defines a tapered cone shape with a proximal cutout.

19. The modular kit of claim 10, wherein the connection 5
comprises a bearing.

20. The modular kit of claim 10, wherein each of the
elongate shafts is configured to extend substantially parallel
to an axis of the femur or tibia in which it is inserted.

21. The modular kit of claim 10, wherein each of the 10
elongate shafts is configured to extend at an angle relative to
an axis of the femur or tibia bone in which it is inserted,
where the bone is s-shaped or to account for normal anatomy
of the distal femur including variations of the anatomic axis
in the coronal plane and femoral bow in the sagittal plane. 15

22. In combination with a modular trial implant assembly
including an elongate shaft with a smooth outer surface, a
tapered conical reamer rotatably coupleable to the shaft, an
outer surface of the tapered conical reamer comprising
milling elements, and a trial implant removably coupleable 20
to the reamer, a final implant assembly comprising:

an implant body, and

a tapered body, at least a portion of the tapered body

having a conical shape substantially corresponding to a
conical shape of the tapered conical reamer. 25

23. The system of claim 22, wherein the final implant

assembly further comprises an elongate stem.
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